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Outline

»2-D MICRO diffusion model for skin penetration after finite dosing
»Mass profiles over time (donor, SC, deeper skin layers, acceptor)

»Influence of different values of diffusion and partition coefficients on
transient skin penetration

» Time-dependent sensitivity of input parameters
»ldentification of key parameters for predicting skin penetration

»Influence of skin thickness on transient skin penetration



Model Geometry (2D)

Simulation of finite dose experiments
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Model Equations

Finite dose experiments

Diffusion Equation d,C;(x,t)=V - (DVc,(x,t))=0 in Q,

1st Transmission Condition ¢, =K, ,c; on T, I,j&E {dOI‘l,/iP,COI‘,dS/}

2nd Transmission Condition (D,Ve, +D,ve;)-n=0 on T,

aci(x’yat)
oy

Boundary Conditions =0 on T,UT,UT,

C,..x,I' ,0)=0

acc

Initial Conditions Cyon X1, ,0)=Cy, C 4, (x,y,0) =0



Model Substances

Flufenamic acid (FFA)
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Diffusion Model (2D)

Input Parameters

Diffusion coefficients D, D don
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Anderson & Raykar, JID, 1989; Hansen et al., EJPB, 2008; Selzer et al., JCR, 2013



Input Parameters

Diffusion coefficients and Partition coefficients

Parameter Unit FFA CAF
Dpon [cm®/h] 2.47E-02 2.92E-02
Dpip ‘cm?/h] 1.10E-04 2.10E-04
Dcor [cm®/h] 5.10E-07 1.70E-08
DpsL [cm®/h] 4.90E-03 2.30E-03
Kipmpon 20.32 2.15
KcorLip 0.21 2.22
Kpsip 0.1 0.08

Hansen et al., EJPB, 2008; Naegel et al., EJPB, 2008



Mass [%]

Experiment and Simulation
Mass profiles and Concentration-SC-depth profiles of FFA
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Mass [%]

Experiment and Simulation
Mass profiles and Concentration-SC-depth profiles of CAF

Mass profiles Concentration-SC-depth profiles
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Simulation of Mass Profiles
Time-dependent mass profiles of FFA and CAF

~ 100
0
\\
90 L1~ 70
o A \/\ 80
I~ ~
70 [~ \ L 0\°
'Q T L1 50 ';-
X 6 T~
E 52 ~—_ \/\40 §
S V4 I 1t
40 J 0
30 _| L1~ 20
~ T~
e A \/\ 10
\\ N
0 [~~~ ’
[~
DOnO OnOr 6

~

o,
| 3 Time [h]

Lipophilic Hydrophilic



Simulation of Concentration-SC-Depth Profiles
Time-dependent concentration-SC-depth profiles of FFA and CAF
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Parameter Study

Input parameter range: Diffusion coefficients and Partition coefficients

Parameter Unit FFA CAF

Range Dpon [cm®/h] 2.47E-03 - 2.47E-01 | 2.92E-03 - 2.92E-01
Range Dy p [cm®/h] 1.10E-05 - 1.10E-03 | 2.10E-05 - 2.10E-03
Range Dcor [cm®/h] 5.10E-08 - 5.10E-06 | 1.70E-09 - 1.70E-07
Range Dpg;. [cm?/h] 4.90E-04 - 4.90E-02 | 2.30E-04 - 2.30E-02
Range K{ppox 2.032-203.2 0.215-21.5

Range Kcor/Lip 0.021 - 2.1 0.222 -22.2

Range Kpspp 0.01-1.0 0.008 — 0.8

Hansen et al., EJPB, 2008; Naegel et al., EJPB, 2008
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Parameter Study on FFA Mass Profiles
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Parameter Study on CAF Mass Profiles
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Sensitivity Index

A sensitivity index (Sl) is a number calculated by a defined procedure
which gives information about the relative sensitivity of results to different
parameters of the model. A simple sensitivity index performed very well
was proposed by Hoffman and Gardner (1983):

S| = (Dmax B I:)min)/ Dmax

where D, ., IS the output result when the parameter in question is set at
its maximum value and D, is the result for the minimum parameter

value.

Hoffman & Gardner, NUREG/CR-3332, 1983



Sensitivity of D and K to Mass % of FFA and CAF
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Sensitivity Ranking List

Parameter DON sC DSL AcCC Sum Score
Koormon 5.343 5.256 5.626 2.819 19.044 1
Deor 4.204 3.86 5.5747 3.891 17.530 2
KeomLr 4.91 4.151 4.761 2.362 16.184 3

F FA by 2.964 2.775 4.802 3.45 13.991 4
- 0.1046 0.3816 2.305 5.0 7.791 5
Ko 0.2688 0.8408 1.658 0.879 3.6466 6
Boon 0.0307 0.0393 0.061 0.12 0.251 7
Parameter DON SC DSL ACC Sum Score
Keermon 3.238 4.839 2.934 1.97 12.981 1
Keomie 2.597 4.642 3.737 1.941 12.917 2
Deo 0.974 2.019 3.858 1.935 8.786 3

C A F - 1.471 2.594 3.979 0.01 8.054 4
KosLe 0.0041 0.179 1.869 1.6 3.652 5
- 0.13 0.095 1.016 2 3.241 6
Boo 0.0035 0.028 0.009 0.5 0.541 7




Results: Sensitivity Analysis

Influence of input parameters on skin penetration

Flufenamic acid (lipophilic)
Very low sensitivity to outcome: Dygy
Low sensitivity to outcome: Dpg; > Kpg /1 p

High sensitivity to outcome: D,
Very high sensitivity to outcome: K, p.pon > Dcor ™ KeoriLip

Caffeine (hydrophilic)

Very low sensitivity to outcome: Dy

Low sensitivity to outcome: Ky, 4 p > Dps

High sensitivity to outcome: D, p

Very high sensitivity to outcome: K, ;0,508 KecoriLip = Peor



Time-varying Sensitivity Indices
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Time-varying Sensitivity Indices

CAF DONOR
Zeit (min)  CAF_D_DON CAF_D_LIP CAF_D_COR CAF_D_DSL CAF_K_LIP/DON CAF_K_COR/LIP CAF_K_DSL/LIP
0 0 0 0 0 0 0 0
50,0006 0,069 0,051 0 0,32 0,203 0
DON »° 0o 0,161 0,103 0 0,542 0,387 0
120 0,0008 0,273 0,17 0 0,705 0,562 0
360 0,0007 T 0,417 0,269 0,01 l 0,809 0,691 0,0001
720 0,0006 0,551 0,381 0,12 0,862 0,754 0,004
0,0035 1,471 0,974 0,13 3,238 2,507 0,0041
CAF SC
Zeit (min)  CAF_D_DON CAF_D_LIP CAF_D_COR CAF_D_DSL CAF_K_LIP/DON CAF_K_COR/LIP CAF_K_DSL/LIP
0 0 0 0 0 0 0 0
5 0,014 0,718 0,651 0 0,986 0,94 0
30 0,007 0,71 0,575 0 0,981 0,926 0
( : AF SC 120 0,004 0,608 0,452 0 T 0,972 0,916 0,001
360 0,002 0,303 0,18 0,02 0,958 0,926 0,039
720 0,001 0,255 0,161 0,075 0,942 0,934 0,139
0,028 2,504 2,019 0,095 4,839 4,642 0,179
CAF DSL
Zeit (min)  CAF_D_DON CAF_D_LIP CAF_D_COR CAF_D_DSL CAF_K_LIP/DON CAF_K_COR/LIP CAF_K_DSL/LIP
0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
30 0 1 1 0 0 1 0
DSL 0 1 0,996 0 1 1 0,667
360 0,007 0,998 0,966 0,353 0,971 0,964 0,606
720 0,002 0,981 0,896 0,663 l’ 0,963 0,773 0,596
0,009 3,979 3,858 1,016 2,934 3,737 1,869
CAF ACC
Zeit (min)  CAF_D_DON CAF_D_LIP CAF_D_COR CAF_D_DSL CAF_K_LIP/DON CAF_K_COR/LIP CAF_K_DSL/LIP
0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
30 0 0 0 0 0 0 0
ACC 1o 0 0 0 0 l 0 0 0
360 0,5 0,01 0,977 1 1 1 1‘ 1
720 0 0 0,958 T 1 0,97 T 0,941 0,6
0,5 0,01 1,935 2 1,97 1,941 1,6



Results: Time-dependent Sensitivity Analysis

Time-dependent sensitivities of input parameters

Flufenamic acid (lipophilic)
Donor: Sensitivity of all 7 parameters increases with time
SC: Sensitivity increases/decreases (3 parameters) with time

DSL: Sensitivity increases/decreases (6 parameters) with time
ACC: Sensitivity increases/decreases (6 parameters) with time

Caffeine (hydrophilic)
Donor: Sensitivity of all 7 parameters increases with time
SC: Sensitivity increases/decreases (5 parameters) with time

DSL.: Sensitivity increases/decreases (6 parameters) with time
ACC: Sensitivity increases/decreases (6 parameters) with time



Influence of Skin Thickness on Skin Penetration
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Summary

»2-D MICRO diffusion model for skin penetration after finite dosing
»Mass profiles over time (donor, SC, deeper skin layers, acceptor)

»Influence of different values of diffusion and partition coefficients on
transient skin penetration

» Time-dependent sensitivity of input parameters
»ldentification of key parameters for predicting skin penetration

»Influence of skin thickness on transient skin penetration
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